Abstract
Introduction

23
Many wide bandgap semiconductor materials have been studied for their potential utility as radiation detectors
24
for operation in harsh terrestrial environments and for future space missions. Compared with narrower bandgap 25 semiconductors, e.g. Si (Eg = 1.12 eV at room temperature [1] ), the wide bandgap semiconductor silicon 26 carbide (4H-SiC, Eg = 3.27 eV at room temperature [2]) has a higher breakdown field, lower intrinsic carrier 27 concentration, and better carrier saturation velocity [1] [3], which can bring benefits for high temperature 28 operation. Moreover, SiC detectors have high radiation tolerance [4] [5] , which can be an important feature for 29 both terrestrial and space applications. Therefore, SiC is expected to play a major role in future spacecraft 30 electronics, particularly as a material for semiconductor radiation detectors used in spectrometers.
32
SiC was first reported as a particle detector in 1999; detectors made from a 310 μm thick semi-insulating 33 4H-SiC substrate and with different sizes of circular Ohmic contacts (1 mm to 3 mm diameter) were illuminated 34 with a 90 Sr β -particle source [6] . Since then, SiC has been studied intensively for particle detection. SiC 
113
performed to predict the β -particle created current expected to be detected under the circumstances that the 114 active region thickness was (a) 5.15 µm, (b) 2.37 µm, and (c) 34.5 µm. The expected β -particle created current,
115
I, was calculated using,
117
Eq. 1
119
which included consideration of the apparent activity of the 63 Ni radioisotope β -particle source (136 MBq), i.e.
120
including the self-absorption, A (in units of Bq) [23], the emission probability of the 63 Ni radioisotope β -particle
121
source adjusted for self-absorption, E mi (a dimensionless quantity) [24] , the ratio of the area of the detector (0.06 
129
The predicted β -particle created current of the 0.06 mm 2 photodiode at room temperature was calculated to be 130 12.5 pA assuming a 5.15 µm thick active region, 9.2 pA assuming a 2.37 µm active region, and 13.8 pA 131 assuming a 34.5 µm thick active region. However, the experimentally measured β -particle created current of 132 the 0.06 mm 2 photodiode was found to be 92 pA ± 1 pA at 100 V reverse bias and 20 °C.
134
The explanation of the difference in the predicted β -particle created currents and the experimental β -particle 135 created currents of the 0.06 mm 2 photodiode is still not known with absolute certainty. However, the 136 experimentally measured β -particle created currents were found to be greater at higher temperatures (see Fig. 2 ).
137
In part, this may be explained by the average energy consumed in the generation of an electron-hole pair (the 
139
Assuming Si, GaAs, and 4H-SiC have a linear relationship between the electron-hole pair creation energy and 140 the bandgap energy at 100 °C, the electron-hole pair creation energy of 4H-SiC at this temperature can be 141 estimated to be 7.24 eV. Therefore, at 100 °C, the predicted β -particle created current for the 0.06 mm 2 142 photodiode (active region thickness = 5.15 µm) would increase to 13.5 pA from 12.5 pA at 20 °C. However, the 143 apparent β -particle created currents in the detector showed a much more significant increase at reverse 
148
would have produced an apparently (but not truly) greater β -particle created current. However, a variation in have eliminated any effects from this, but regrettably we do not possess such equipment at our laboratory at present.
63 Ni β -particle spectroscopy
The detector was connected to a custom-made low-noise charge-sensitive preamplifier with a wire-ended analyser (MCA) were connected to the preamplifier's output.
161
The distance between the 63 Ni radioisotope β -particle source and the photodiode's top surface was 4.5 mm ± 162
1.0 mm. The accumulation live time for each 63 Ni β -particle spectrum was 720 s. The β -particle spectra were 163 accumulated at the temperatures from 100 °C to 20 °C with 20 °C decrements. Since the accumulated spectra at 164 each temperatures were relatively similar, for clarity only the spectra accumulated at 100 °C and 20 °C are 165 presented in Fig. 3 . The shaping time of the shaping amplifier was set at 1 μs for the spectrum accumulated at 166 100 °C and at 2 μs for 20 °C. The results demonstrated that these detectors can be used as detectors for particle 167 counting β -(electron) spectroscopy at temperatures up to 100 °C.
169
Effects such as the change in electron-hole pair creation energy with temperature, and the change in preamplifier 
176
particle source, the N 2 atmosphere, and the detector will also have had some small effects (e.g. the lower density 177 of the N 2 atmosphere at higher temperatures will have resulted in reduced energy losses in the N 2 ) but they are 178 expected to have been less significant in effect than the changes in the other aspects outlined above.
180
In Section 5, the experimentally obtained 
208
The simulations were conducted in three stages. Firstly, the electron (β -particle) quantum efficiency of the 209 photodiode in each case was computed. Secondly, the electron (β -particle) spectrum expected to reach the 210 detector was computed. Thirdly, the first and second stages were combined to predict the detected spectrum
211
(excluding the noise processes known to broaden the energy resolution of photodiode radiation detectors i.e.
212
Fano noise, electronic noise, and charge trapping noise [1] ).
214
In the first stage, for electron energies from 1 keV to 66 keV, in 1 keV steps, 4000 electrons at each energy were 215 simulated to be incident on the face of the photodiode. The quantum efficiency of the photodiode at each 216 energy, defined as the ratio between the energy deposited in the active region and the energy incident on the 217 photodiode, was computed. The results are presented in Fig. 4 for the active region thicknesses outlined above.
218
The quantum efficiency in each case was found to be similar at energies < 20 keV. At these energies, the 
226
In the second stage, the spectrum of electron energies incident on the detector from the 63 Ni radioisotope β 
244
In the third (and final) stage, the results of the first two stages were combined to produce the spectra predicted to 
251
The spectra do not include effects such as pulse pile-up, noise processes, and detector edge effects.
253
For the simulations of the 34.5 µm and 5.15 µm active region thickness, the spectra had smooth shapes at 254 detected energies up to 59 keV. However, the 2.37 µm active region thickness simulations predicted an 255 increased number of counts around 5 keV. This is a consequence of the thinner active region detecting only a 256 portion of the energy of electrons with greater total energy; that is to say that there is an increased likelihood 257 that the β -particles in this case deposit only ~ 5 keV in the detector before leaving the active region in this case.
258
A further interesting feature of the spectra corresponding to the 34.5 µm and 5.15 µm cases is the rapid decrease
259
in detected counts at energies > 59 keV. Whilst the emission spectrum of 63 Ni does rapidly reduce at energies 260 close to its endpoint energy, a further effect is at work in the spectra shown in Fig. 6 . Here, the natural rapid 
276
Comparing the shapes of the β -spectra simulated using the CASINO simulations and the spectrum 277 experimentally obtained at a temperature of 20 °C, it can be seen that the simulation using an active region 278 thickness of 5.15 µm produces a good agreement with experimental β -particle spectrum. In contrast, the 279 simulations using active region thicknesses of 2.37 µm and 34.5 µm do not match the experimental spectrum.
280
As such, this is an indication that the thickness of the active region of the detector was 5.15 µm, which is the 
288
The leakage currents as functions of applied reverse bias for the device was studied at different temperatures, 
299
The photodiode was connected to a custom-made low-noise charge-sensitive preamplifier and found to function 
308
The results demonstrate that this type of low-cost COTS SiC photodiode can be coupled to a low-noise charge- Fig. 1 . Leakage currents as functions of applied reverse bias for the 0.06 mm 2 photodiode in the range of temperature from 100 °C to 20 °C. Fig. 2 . Measured apparent β -particle created currents as functions of reverse bias for the 0.06 mm 2 photodiode in the range of temperature from 100 °C to 20 °C. Fig. 3 . 63 Ni β -spectra obtained with the 0.06 mm 2 photodiode at 100 V reverse bias at 20 °C (grey line) and 100 °C (black line). 
